EP 1783 844 A2

Européisches
Patentamt

European

Patent Office

Office européen
des brevets

(12)

(43) Date of publication:
09.05.2007 Bulletin 2007/19

(21) Application number: 06021708.0

(22) Date of filing: 17.10.2006

(11) EP 1783 844 A2

EUROPEAN PATENT APPLICATION

(51) IntCL:
HO1L 45/00 (2006.01)

(84) Designated Contracting States:
ATBEBG CHCY CZDE DKEE ES FIFR GB GR
HUIEISITLILT LU LV MC NL PL PT RO SE SI
SKTR
Designated Extension States:
AL BA HR MK YU

(30) Priority: 02.11.2005 US 265377

(71) Applicant: Qimonda AG
81739 Miinchen (DE)

(72) Inventors:
* Happ, Thomas
Tarrytown, NY 10591 (US)
¢ Philip, Jan Boris
Peekskill, NY 10566 (US)

(74) Representative: Jehle, Volker Armin et al
Bosch Graf von Stosch Jehle
Patentanwaltsgesellschaft mbH
Fliiggenstrasse 13
80639 Miinchen (DE)

(54)

(57) A memory cell includes a first electrode (122),
a second electrode (130), and a first portion (124) of
phase-change material contacting the first electrode. The
memory cell includes a second portion (128) of phase-
change material contacting the second electrode and a
third portion (126) of phase-change material between the
first portion and the second portion. A phase-change ma-
terial composition of the third portion and the second por-
tion gradually transitions from the third portion to the sec-
ond portion.

Phase change memory cell including multiple phase change material portions

120a
130
e

Printed by Jouve, 75001 PARIS (FR)



1 EP 1783 844 A2 2

Description

Cross-Reference to Related Applications

[0001] This application is related to U.S. Patent Appli-
cation Serial Number 11/187,533 entitied "MEMORY DE-
VICE WITH THERMAL INSULATING LAYERS;" filed Ju-
ly 22, 2005, and is incorporated herein by reference.

Background

[0002] Phase-change memories include phase-
change materials that exhibit at least two different states.
Phase-change material may be used in memory cells to
store bits of data. The states of phase-change material
may be referenced to as amorphous and crystalline
states. The states may be distinguished because the
amorphous state generally exhibits higher resistivity than
does the crystalline state. Generally, the amorphous
state involves a more disordered atomic structure, while
the crystalline state is an ordered lattice. Some phase-
change materials exhibit two crystalline states, e.g. a
face-centered cubic (FCC) state and a hexagonal closest
packing (HCP) state. These two crystalline states have
different resistivities and may be used to store bits of
data. In the following description, the amorphous state
generally refers to the state having the higher resistivity,
and the crystalline state generally refers to the state hav-
ing the lower resistivity.

[0003] Phase change in the phase-change materials
may be induced reversibly. In this way, the memory may
change from the amorphous state to the crystalline state,
and from the crystalline state to the amorphous state, in
response to temperature changes. The temperature
changes to the phase-change material may be achieved
in a variety of ways. For example, a laser can be directed
to the phase-change material, current may be driven
through the phase-change material, or current can be
fed through aresistive heater adjacent the phase-change
material. With any of these methods, controllable heating
of the phase-change material causes controllable phase
change within the phase-change material.

[0004] When a phase-change memory comprises a
memory array having a plurality of memory cells that are
made of phase-change material, the memory may be pro-
grammed to store data utilizing the memory states of the
phase-change material. One way to read and write data
in such a phase-change memory device is to control a
currentand/ora voltage pulse thatis applied to the phase-
change material. The level of current and voltage gener-
ally corresponds to the temperature induced within the
phase-change material in each memory cell.

Summary

[0005] One embodiment of the present invention pro-
vides a memory cell. The memory cell includes a first
electrode, a second electrode, and a first portion of
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phase-change material contacting the first electrode. The
memory cell includes a second portion of phase-change
material contacting the second electrode and a third por-
tion of phase-change material between the first portion
and the second portion. A phase-change material com-
position of the third portion and the second portion grad-
ually transitions from the third portion to the second por-
tion.

Brief Description of the Drawings

[0006] The accompanying drawings are included to
provide a further understanding of the present invention
and are incorporated in and constitute a part of this spec-
ification. The drawings illustrate the embodiments of the
present invention and together with the description serve
to explain the principles of the invention. Other embodi-
ments of the present invention and many of the intended
advantages of the present invention will be readily ap-
preciated as they become better understood by reference
to the following detailed description. The elements of the
drawings are not necessarily to scale relative to each
other. Like reference numerals designate corresponding
similar parts.

Figure 1 illustrates a block diagram of one embodi-
ment of a memory device.

Figure 2 illustrates a cross-sectional view of one em-
bodiment of a phase-change memory cell.

Figure 3 illustrates a cross-sectional view of another
embodiment of a phase-change memory cell.
Figure 4 illustrates a cross-sectional view of another
embodiment of a phase-change memory cell.
Figure S illustrates a cross-sectional view of another
embodiment of a phase-change memory cell.
Figure 6 illustrates a cross-sectional view of another
embodiment of a phase-change memory cell.
Figure 7 illustrates a cross-sectional view of another
embodiment of a phase-change memory cell.
Figure 8 illustrates a cross-sectional view of another
embodiment of a phase-change memory cell.
Figure 9 illustrates a cross-sectional view of another
embodiment of a phase-change memory cell.
Figure 10 illustrates a cross-sectional view of anoth-
er embodiment of a phase-change memory cell.

Detailed Description

[0007] Figure 1 illustrates a block diagram of one em-
bodiment of a memory device 100. Memory device 100
includes a write pulse generator 102, a distribution circuit
104, memory cells 106a, 106b, 106¢c, and 106d, and a
sense circuit 108. In one embodiment, memory cells
106a-106d are phase-change memory cells that are
based on the amorphous to crystalline phase transition
of the memory material. Write pulse generator 102 is
electrically coupled to distribution circuit 104 through sig-
nal path 110. Distribution circuit 104 is electrically cou-
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pled to memory cells 106a-106d through signal paths
112a-112d, respectively, and to sense circuit 108 through
signal path 114.

[0008] Eachphase-change memory cell 106a-106d in-
cludes phase-change material providing a storage loca-
tion. The phase-change material of each phase-change
memory cell includes three phase-change material por-
tions. The composition of the phase-change material var-
ies between adjacent phase-change material portions.
The first phase-change material portion includes a first
phase-change material composition and contacts a first
electrode of the phase-change memory cell. The second
phase-change material portion includes a second phase-
change material composition and contacts a second
electrode of the phase-change memory cell. The third
phase-change material portion includes a third phase-
change material composition and is between the first
phase-change material portion and the second phase-
change material portion.

[0009] The first phase-change material portion ther-
mally insulates the first electrode, and the second phase-
change material portion thermally insulates the second
electrode. In one embodiment, the first phase-change
material portion and the second phase-change material
portion include the same phase-change material compo-
sition. In other embodiments, the first phase-change ma-
terial portion and the second phase-change material por-
tion include different phase-change material composi-
tions. The third phase-change material portion, which is
thermally insulated by the first phase-change material
portion and the second phase-change material portion,
provides the active region for the phase-change memory
cell. The active region for the phase-change memory cell
is where the phase-change material transitions between
the crystalline state and the amorphous state for storing
one bit, 1.5 bits, two bits, or several bits of data.

[0010] In one embodiment, write pulse generator 102
generates current or voltage pulses that are controllably
directed to memory cells 106a-106d via distribution cir-
cuit 104. In one embodiment, distribution circuit 104 in-
cludes a plurality of transistors that controllably direct cur-
rent or voltage pulses to the memory cells.

[0011] In one embodiment, memory cells 106a-106d
are made of a phase-change material that may be
changed from an amorphous state to a crystalline state
or from a crystalline state to an amorphous state under
influence of temperature change. The degree of crystal-
linity thereby defines at least two memory states for stor-
ing data within memory device 100. The at least two
memory states can be assigned to the bit values "0" and
"1". The bit states of memory cells 106a-106d differ sig-
nificantly in their electrical resistivity. In the amorphous
state, a phase-change material exhibits significantly
higher resistivity than in the crystalline state. In this way,
sense amplifier 108 reads the cell resistance such that
the bit value assigned to a particular memory cell 106a-
106d is determined.

[0012] To program a memory cell 106a-106d within
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memory device 100, write pulse generator 102 generates
a current or voltage pulse for heating the phase-change
material in the target memory cell. In one embodiment,
write pulse generator 102 generates an appropriate cur-
rent or voltage pulse, which is fed into distribution circuit
104 and distributed to the appropriate target memory cell
106a-106d. The current or voltage pulse amplitude and
duration is controlled depending on whether the memory
cell is being set or reset. Generally, a "set" operation of
a memory cell is heating the phase-change material of
the target memory cell above its crystallization temper-
ature (but below its melting temperature) long enough to
achieve the crystalline state. Generally, a "reset" opera-
tion of a memory cell is heating the phase-change ma-
terial of the target memory cell above its melting temper-
ature, and then quickly quench cooling the material,
thereby achieving the amorphous state.

[0013] Figure2illustrates a cross-sectional view of one
embodiment of a phase-change memory cell 120a.
Phase-change memory cell 120a includes a first elec-
trode 122, phase-change material 134, a second elec-
trode 130, and insulation material 132. Phase-change
material 134 provides a storage location for storing one
bit, 1.5 bits, two bits, or several bits of data. Phase-
change material 134 is laterally completely enclosed by
insulation material 132, which defines the current path
and hence the location of the phase change region in
phase-change material 134. In one embodiment, each
of the memory cells 106a-106d is similar to phase-
change memory cell 120a.

[0014] Firstelectrode 122is TiN, TaN, W, Al, Cu, TiSiN,
TaSiN, or another suitable electrode material. Second
electrode 130 is TiN, TaN, W, Al, Cu, TiSiN, TaSiN, or
another suitable electrode material. Insulation material
132 is SiO,, fluorinated silica glass (FSG), doped boro-
phosphorous silicate glass (BPSG), porous oxide, low-k
dielectric, or another suitable dielectric material.

[0015] Phase-change material 134 may be made up
of a variety of materials in accordance with the present
invention. Generally, chalcogenide alloys that contain
one or more elements from group VI of the periodic table
are useful as such materials. In one embodiment, phase-
change material 134 of memory cell 120a is made up of
a chalcogenide compound material, such as GeSbTe,
SbTe, GeTe, or AginSbTe. In another embodiment, the
phase-change material can be chalcogen free, such as
GeSb, GaSb, InSb, or GeGalnSb. In other embodiments,
the phase-change material can be made up of any suit-
able material including one or more of the elements Ge,
Sb, Te, Ga, As, In, Se, and S. Phase-change material
134 may be selectively doped with nitrogen, oxygen, sil-
icon, or another suitable material to modify the thermal
conductivity, resistivity, and/or melting temperature of dif-
ferent portions of the phase-change material.

[0016] Phase-change material 134 includes a first por-
tion 124 in contact with first electrode 122, a second por-
tion 128 in contact with second electrode 130, and a third
portion 126 between first portion 124 and second portion
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128. First portion 124 of phase-change material 134 in-
cludes a first phase-change material composition. Sec-
ond portion 128 of phase-change material 134 includes
a second phase-change material composition, and third
portion 126 of phase-change material 134 includes a third
phase-change material composition. The first phase-
change material composition gradually transitions to the
third phase-change material composition, and the third
phase-change material composition gradually transitions
tothe second phase-change material composition. In one
embodiment, the phase-change material composition of
first portion 124 includes the same phase-change mate-
rial composition as second portion 128. In other embod-
iments, the phase-change material composition of first
portion 124 is different from the phase-change material
composition of second portion 128.

[0017] In one embodiment, phase-change material
134 is transitioned from the first phase-change material
composition to the third phase-change material compo-
sition and from the third phase-change material compo-
sition to the second phase-change material composition
by varying a doping level while depositing phase-change
material 134. For example, phase-change material 134
can comprise GeSbTe. While depositing the GeSbTe, a
nitrogen flow, an oxygen flow, or another suitable dopant
flow is gradually increased to transition the phase-
change material composition of first portion 124 from un-
doped GeSbTe contacting first electrode 122 to a doped
GeSbTe of third portion 126. The doping level varies con-
tinuously from first portion 124 to second portion 128. At
the center of third portion 126, the doping level is grad-
ually decreased to transition the doped GeSbTe of third
portion 126 to undoped GeSbTe of second portion 128
contacting second electrode 130.

[0018] First portion 124 and second portion 128 of
phase-change material 134 have a lower resistivity and
preferably have a lower thermal conductivity and a higher
melting temperature than third portion 126 of phase-
change material 134 due to the doping level. Therefore,
first portion 124 and second portion 128 thermally insu-
late first electrode 122 and second electrode 130, re-
spectively, such that the active phase-change region is
confined to third portion 126. By adjusting the doping
level, the size of first portion 124, second portion 128,
and third portion 126 can be adjusted to achieve adesired
size for the active region. Also, by adjusting the doping
levels within each portion 124, 126, and 128 of phase-
change material 134, phase-change memory cell 120a
can be optimized for multi-bit data storage.

[0019] During operation of phase-change memory cell
120a, a write pulse is applied between first electrode 122
and second electrode 130 to program phase-change
memory cell 120a. Since first portion 124 and second
portion 128 of phase-change material 134 insulate third
portion 126 of phase-change material 134, the highest
temperature within phase-change material 134 during a
write pulse is within third portion 126. In addition, due to
the higher resistivity of third portion 126, more heat is
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generated within third portion 126 than within first portion
124 and second portion 128.

[0020] During a set operation of phase-change mem-
ory cell 120a, a set current or voltage pulse is selectively
enabled to the selection device and sent through first
electrode 122 to phase-change material 134 thereby
heating third portion 126 of phase-change material 134
above its crystallization temperature (but usually below
its melting temperature). In this way, third portion 126 of
phase-change material 134 reaches its crystalline state
during this set operation. During a reset operation of
phase-change memory cell 120a, a reset current or volt-
age pulse is selectively enabled to the selection device
and sent through first electrode 122 to phase-change ma-
terial 134. The reset current or voltage quickly heats third
portion 126 of phase-change material 134 above its melt-
ing temperature. After the current or voltage pulse is
turned off, third portion 126 of phase-change material
134 quickly quench cools into the amorphous state.
[0021] Figure 3illustrates a cross-sectional view of an-
other embodiment of a phase-change memory cell 120b.
In one embodiment, phase-change memory cell 120b is
a pillar phase-change memory cell. Phase-change mem-
ory cell 120b includes first electrode 122, phase-change
material 134, second electrode 130, and insulation ma-
terial 132. Phase-change material 134 provides a storage
location for storing one bit, 1.5 bits, two bits, or several
bits of data. Phase-change material 134 is laterally com-
pletely enclosed by insulation material 132, which defines
the current path and hence the location of the phase
change region in phase-change material 134. In one em-
bodiment, each of the memory cells 106a-106d is similar
to phase-change memory cell 120b.

[0022] Phase-change material 134 includes a first por-
tion 124 in contact with first electrode 122 at 125, a sec-
ond portion 128 in contact with second electrode 130 at
129, and a third portion 126 between first portion 124 and
second portion 128. First portion 124 of phase-change
material 134 has a maximum width or cross-section at
125, second portion 128 of phase-change material 134
has a maximum width or cross-section at 129, and third
portion 126 of phase-change material 134 has a mini-
mum width or cross-section at 127. The maximum width
at 125 of first portion 124 and the maximum width at 129
of second portion 128 are greater than the minimum width
at 127 of third portion 126.

[0023] In one embodiment, a maximum width of third
portion 126 is less than a minimum width of first portion
124 and a minimum width of second portion 128. In an-
other embodiment, a maximum width of third portion 126
is less than a maximum width of first portion 124 and a
maximum width of second portion 128. In another em-
bodiment, a minimum width of third portion 126 is less
than a minimum width of first portion 124 and a minimum
width of second portion 128. In one embodiment, the
maximum width at 125 of first portion 124 is approximate-
ly equal to the maximum width at 129 of second portion
128. In other embodiments, the maximum width at 125
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of first portion 124 is different than the maximum width
at 129 of second portion 128. In one embodiment, phase-
change material 134 forms an hourglass shape.

[0024] Portions 124, 126, and 128 of phase-change
material 134 of phase-change memory cell 120b have
similar phase-change material compositions and func-
tions as the corresponding portions 124, 126, and 128
of phase-change memory cell 120a previously described
and illustrated with reference to Figure 2. Phase-change
memory cell 120b operates similarly to phase-change
memory cell 120a.

[0025] Figure 4 illustrates a cross-sectional view of an-
other embodiment of a phase-change memory cell 120c.
In one embodiment, phase-change memory cell 120c is
a tapered via phase-change memory cell. Phase-change
memory cell 120c includes first electrode 122, phase-
change material 134, second electrode 130, and insula-
tion material 132. Phase-change material 134 provides
a storage location for storing one bit, 1.5 bits, two bits,
or several bits of data. Phase-change material 134 is
laterally completely enclosed by insulation material 132,
which defines the current path and hence the location of
the phase change region in phase-change material 134.
In one embodiment, each of the memory cells 106a-106d
is similar to phase-change memory cell 120c.

[0026] Phase-change material 134 includes a first por-
tion 124 in contact with first electrode 122 at 138, a sec-
ond portion 128 in contact with second electrode 130,
and a third portion 126 between first portion 124 and sec-
ond portion 128. First portion 124 and third portion 126
of phase-change material 134 have tapered sidewalls
and has a maximum width or cross-section at 136 and a
minimum width or cross-section at 138. In other embod-
iments, first portion 124 and third portion 126 may extend
up the sides of second portion 128 due to sidewall cov-
ering during the deposition of first portion 124 and third
portion 126 of phase-change material 134.

[0027] Portions 124, 126, and 128 of phase-change
material 134 of phase-change memory cell 120c have
similar phase-change material compositions and func-
tions as the corresponding portions 124, 126, and 128
of phase-change memory cell 120a previously described
and illustrated with reference to Figure 2. Phase-change
memory cell 120c operates similarly to phase-change
memory cell 120a.

[0028] Figure 5illustrates a cross-sectional view of an-
other embodiment of a phase-change memory cell 120d.
In one embodiment, phase-change memory cell 120d is
atapered via phase-change memory cell. Phase-change
memory cell 120d includes first electrode 122, phase-
change material 134, second electrode 130, and insula-
tion material 132. Phase-change material 134 provides
a storage location for storing one bit, 1.5 bits, two bits,
or several bits of data. Phase-change material 134 is
laterally completely enclosed by insulation material 132,
which defines the current path and hence the location of
the phase-change region in phase-change material 134.
In one embodiment, each of the memory cells 106a-106d
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is similar to phase-change memory cell 120d.

[0029] Phase-change material 134 includes a first por-
tion 124 in contact with first electrode 122 at 140, a sec-
ond portion 128 in contact with second electrode 130 at
146, and a third portion 126 between first portion 124 and
second portion 128. First portion 124 of phase-change
material 134 has a maximum width or cross-section at
142 and a minimum width or cross-section at 140. Sec-
ond portion 128 of phase-change material 134 has a max-
imum width or cross-section at 146 and a minimum width
or cross-section at 144. Third portion 126 of phase-
change material 134 has a maximum width or cross-sec-
tion at 144 and a minimum width or cross-section at 142.
In other embodiments, first portion 124 and third portion
126 may extend up the sides of second portion 128 due
to sidewall covering during the deposition of first portion
124 and third portion 126 of phase-change material 134.
[0030] In one embodiment, a minimum width of first
portion 124 is less than a minimum width of third portion
126. In another embodiment, a maximum width of first
portion 124 is less than a minimum width of third portion
126. In another embodiment, a maximum width of first
portion 124 is less than a maximum width of third portion
126. In one embodiment, a minimum width of third portion
126 is less than a minimum width of second portion 128.
In another embodiment, a maximum width of third portion
126 is less than a minimum width of second portion 128.
In another embodiment, a maximum width of third portion
126 is less than a maximum width of second portion 128.
In one embodiment, phase-change material 134 has ta-
pered sidewalls.

[0031] Portions 124, 126, and 128 of phase-change
material 134 of phase-change memory cell 120d have
similar phase-change material compositions and func-
tions as the corresponding portions 124, 126, and 128
of phase-change memory cell 120a previously described
and illustrated with reference to Figure 2. Phase-change
memory cell 120d operates similarly to phase-change
memory cell 120a.

[0032] Figure 6illustrates a cross-sectional view of an-
other embodiment of a phase-change memory cell 150a.
In one embodiment, phase-change memory cell 150a is
atapered via phase-change memory cell. Phase-change
memory cell 150a includes first electrode 122, phase-
change material 134, second electrode 130, and insula-
tion material 132. Phase-change material 134 provides
a storage location for storing one bit, 1.5 bits, two bits,
or several bits of data. Phase-change material 134 is
laterally completely enclosed by insulation material 132,
which defines the current path and hence the location of
the phase change region in phase-change material 134.
In one embodiment, each of the memory cells 106a-106d
is similar to phase-change memory cell 150a.

[0033] Phase-change material 134 includes a first por-
tion 124 in contact with first electrode 122, a second por-
tion 128 in contact with second electrode 130, and a third
portion 126 contacting first portion 124 at 138 and second
portion 128. First portion 124 of phase-change material
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134 has a width or cross-section equal to the width or
cross-section of first electrode 122. Third portion 126 of
phase-change material 134 has tapered sidewalls and
has a maximum width or cross-section at 136 and a min-
imum width or cross-section at 138. In other embodi-
ments, third portion 126 may extend up the sides of sec-
ond portion 128 due to sidewall covering during the dep-
osition of third portion 126 of phase-change material 134.
[0034] First portion 124 of phase-change material 134
includes a first phase-change material composition. Sec-
ond portion 128 of phase-change material 134 includes
a second phase-change material composition, and third
portion 126 of phase-change material 134 includes a third
phase-change material composition. The first phase-
change material composition is constant, and the third
phase-change material composition gradually transitions
tothe second phase-change material composition. In one
embodiment, the phase-change material composition of
first portion 124 includes the same phase-change mate-
rial composition as second portion 128. In other embod-
iments, the phase-change material composition of first
portion 124 is different from the phase-change material
composition of second portion 128.

[0035] In one embodiment, phase-change material
134 is transitioned from the third phase-change material
composition to the second phase-change material com-
position by varying a doping level while depositing phase-
change material 134. For example, phase-change ma-
terial 134 can comprise GeSbTe. While depositing the
GeSbTe, a nitrogen flow, an oxygen flow, or another suit-
able dopant flow is gradually decreased to transition the
phase-change material composition of third portion 126
from doped GeSbTe contacting first portion 124 at 138
to undoped GeSbTe of second portion 128. The doping
level varies continuously from third portion 126 to second
portion 128, such that undoped GeSbTe of second por-
tion 128 contacts second electrode 130.

[0036] First portion 124 and second portion 128 of
phase-change material 134 have a lower resistivity and
preferably have a lower thermal conductivity and a higher
melting temperature than third portion 126 of phase-
change material 134 due to the doping level. Therefore,
first portion 124 and second portion 128 thermally insu-
late first electrode 122 and second electrode 130, re-
spectively, such that the active phase-change region is
confined to third portion 126. By adjusting the doping
level, the size of second portion 128 and third portion 126
can be adjusted to achieve a desired size for the active
region. Also, by adjusting the doping levels within each
portion 126 and 128, phase-change memory cell 150a
can be optimized for multi-bit data storage.

[0037] During operation of phase-change memory cell
150a, a write pulse is applied between first electrode 122
and second electrode 130 to program phase-change
memory cell 150a. Since first portion 124 and second
portion 128 of phase-change material 134 have a lower
thermal conductivity than third portion 126 of phase-
change material 134, the highest temperature within
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phase-change material 134 during a write pulse is within
third portion 126. Phase-change memory cell 150a op-
erates similarly to phase-change memory cell 120a.
[0038] Figure 7 illustrates a cross-sectional view of an-
other embodiment of a phase-change memory cell 150b.
In one embodiment, phase-change memory cell 150b is
atapered via phase-change memory cell. Phase-change
memory cell 150b includes first electrode 122, phase-
change material 134, second electrode 130, and insula-
tion material 132. Phase-change material 134 provides
a storage location for storing one bit, 1.5 bits, two bits,
or several bits of data. Phase-change material 134 is
laterally completely enclosed by insulation material 132,
which defines the current path and hence the location of
the phase-change region in phase-change material 134.
In one embodiment, each of the memory cells 106a-106d
is similar to phase-change memory cell 150b.

[0039] Phase-change material 134 includes a first por-
tion 124 in contact with first electrode 122, a second por-
tion 128 in contact with second electrode 130 at 146, and
a third portion 126 contacting first portion 124 at 140 and
second portion 128. First portion 124 of phase-change
material 134 has the same width or cross-section as first
electrode 122. Second portion 128 of phase-change ma-
terial 134 has a maximum width or cross-section at 146
and a minimum width or cross-section at 144. Third por-
tion 126 of phase-change material 134 has a maximum
width or cross-section at 144 and a minimum width or
cross-section at 140. In other embodiments, third portion
126 may extend up the sides of second portion 128 due
to sidewall covering during the deposition of third portion
126 of phase-change material 134.

[0040] In one embodiment, a minimum width of third
portion 126 is less than a minimum width of second por-
tion 128. In another embodiment, a maximum width of
third portion 126 is less than a minimum width of second
portion 128. In another embodiment, a maximum width
of third portion 126 is less than a maximum width of sec-
ond portion 128. In one embodiment, second portion 128
and third portion 126 of phase-change material 134 have
tapered sidewalls.

[0041] Portions 124, 126, and 128 of phase-change
material 134 of phase-change memory cell 150b have
similar phase-change material compositions and func-
tions as the corresponding portions 124, 126, and 128
of phase-change memory cell 150a previously described
and illustrated with reference to Figure 6. Phase-change
memory cell 150b operates similarly to phase-change
memory cell 120a.

[0042] Figure 8illustrates a cross-sectional view of an-
other embodiment of a phase-change memory cell 160a.
In one embodiment, phase-change memory cell 160a is
atapered via phase-change memory cell. Phase-change
memory cell 160a includes first electrode 122, phase-
change material 134, second electrode 130, and insula-
tion material 132. Phase-change material 134 provides
a storage location for storing one bit, 1.5 bits, two bits,
or several bits of data. Phase-change material 134 is
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laterally completely enclosed by insulation material 132,
which defines the current path and hence the location of
the phase change region in phase-change material 134.
In one embodiment, each of the memory cells 106a-106d
is similar to phase-change memory cell 160a.

[0043] Phase-change material 134 includes a first por-
tion 124 in contact with first electrode 122, a second por-
tion 128 in contact with second electrode 130, and a third
portion 126 contacting first portion 124 at 138 and second
portion 128. First portion 124 of phase-change material
134 has a width or cross-section equal to the width or
cross-section of first electrode 122. Third portion 126 of
phase-change material 134 laterally completely sur-
rounds second portion 128 of phase-change material
134. The lower part 127 of second portion 128 of phase-
change material 134 has tapered sidewalls and has a
maximum width or cross-section at 136 and a minimum
width or cross-section near 138.

[0044] First portion 124 of phase-change material 134
includes a first phase-change material composition. Sec-
ond portion 128 of phase-change material 134 includes
a second phase-change material composition, and third
portion 126 of phase-change material 134 includes a third
phase-change material composition. The first, second,
and third phase-change material compositions are con-
stant. In one embodiment, the phase-change material
composition of first portion 124 includes the same phase-
change material composition as second portion 128. In
other embodiments, the phase-change material compo-
sition of first portion 124 is different from the phase-
change material composition of second portion 128.
[0045] First portion 124 and second portion 128 of
phase-change material 134 have a lower resistivity and
preferably have a lower thermal conductivity and a higher
melting temperature than third portion 126 of phase-
change material 134 due to the phase-change materials
selected. Therefore, first portion 124 and second portion
128 thermally insulate first electrode 122 and second
electrode 130, respectively, such that the active phase-
change region is confined to third portion 126. In partic-
ular, the active phase-change region is confined to the
phase-change material between first portion 124 at 138
and the lower part 127 of second portion 128. By adjust-
ing the amount of phase-change material deposited for
third portion 126, the size of second portion 128 and third
portion 126 can be adjusted to achieve a desired size for
the active region. Also, by adjusting the amount and type
of phase-change material deposited for third portion 126,
phase-change memory cell 160a can be optimized for
multi-bit data storage.

[0046] During operation of phase-change memory cell
160a, a write pulse is applied between first electrode 122
and second electrode 130 to program phase-change
memory cell 160a. Since first portion 124 and second
portion 128 of phase-change material 134 insulate third
portion 126 of phase-change material 134, the highest
temperature within phase-change material 134 during a
write pulse is within third portion 126. In addition, due to
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the higher resistivity of third portion 126, more heat is
generated within third portion 126 than within first portion
124 and second portion 128. Phase-change memory cell
160a operates similarly to phase-change memory cell
120a.

[0047] Figure 9illustrates a cross-sectional view of an-
other embodiment of a phase-change memory cell 160b.
In one embodiment, phase-change memory cell 160b is
atapered via phase-change memory cell. Phase-change
memory cell 160b includes first electrode 122, phase-
change material 134, second electrode 130, and insula-
tion material 132. Phase-change material 134 provides
a storage location for storing one bit, 1.5 bits, two bits,
or several bits of data. Phase-change material 134 is
laterally completely enclosed by insulation material 132,
which defines the current path and hence the location of
the phase change region in phase-change material 134.
In one embodiment, each of the memory cells 106a-106d
is similar to phase-change memory cell 160b.

[0048] Phase-change material 134 includes a first por-
tion 124 in contact with first electrode 122, a second por-
tion 128 in contact with second electrode 130 at 146, and
a third portion 126 contacting first portion 124 at 140 and
second portion 128. First portion 124 of phase-change
material 134 has the same width or cross-section as first
electrode 122. Second portion 128 of phase-change ma-
terial 134 has a maximum width or cross-section at 146
and a minimum width or cross-section at 148. Third por-
tion 126 of phase-change material 134 laterally com-
pletely surrounds second portion 128 of phase-change
material 134. In one embodiment, second portion 128 of
phase-change material 134 has tapered sidewalls.
[0049] Portions 124, 126, and 128 of phase-change
material 134 of phase-change memory cell 160b have
similar phase-change material compositions and func-
tions as the corresponding portions 124, 126, and 128
of phase-change memory cell 160a previously described
and illustrated with reference to Figure 8. Phase-change
memory cell 160b operates similarly to phase-change
memory cell 120a.

[0050] Figure 10 illustrates a cross-sectional view of
another embodiment of a phase-change memory cell
170. Inone embodiment, phase-change memory cell 170
is a bridge phase-change memory cell. Phase-change
memory cell 170 includes first electrode 122, a first con-
tact 172, phase-change material 134, a second contact
176, a spacer 174, second electrode 130, and dielectric
material 132. Phase-change material 134 provides a
storage location for storing one bit, 1.5 bits, two bits, or
several bits of data.

[0051] Phase-change material 134 includes a first por-
tion 124 in contact with first contact 172 and a second
portion 128 in contact with second contact 176 separated
by spacer 174. First contact 172 contacts first electrode
122 and second contact 176 contacts second electrode
130. First portion 124 of phase-change material 134 in-
cludes a first phase-change material composition. Sec-
ond portion 128 of phase-change material 134 includes
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a second phase-change material composition.

[0052] First portion 124 of phase-change material 134
has a lower resistivity and preferably has a lower thermal
conductivity and a higher melting temperature than sec-
ond portion 128 of phase-change material 134 due to the
phase-change materials selected. Therefore, first portion
124 thermally insulates first contact 172, such that the
active phase-change region is confined to second portion
128. By adjusting the amount and type of phase-change
material deposited for second portion 128, phase-
change memory cell 170 can be optimized for multi-bit
data storage.

[0053] During operation of phase-change memory cell
170, a write pulse is applied between first contact 171
and second contact 176 to program phase-change mem-
ory cell 170. Since first portion 124 insulates second por-
tion 128 of phase-change material 134, the highest tem-
perature within phase-change material 134 during a write
pulse is within second portion 128. In addition, due to the
higher resistivity of second portion 128, more heatis gen-
erated within second portion 128 than within first portion
124. Phase-change memory cell 170 operates similarly
to phase-change memory cell 120a.

[0054] Embodiments of the present invention provide
a phase-change memory cell including phase-change
material having three portions. The first portion of the
phase-change material insulates the first electrode, and
the second portion of the phase-change material insu-
lates the second electrode. The third portion of the phase-
change material, which is insulated by the first portion
and the third portion, is the active region. By controlling
the volume of the active region and thermally insulating
the active region, the reset current of the phase-change
memory cell can be reduced. In addition, control of multi-
bit data storage within the phase-change memory cell
can be improved.

Claims
1. A memory cell comprising:

a first electrode;

a second electrode;

afirst portion of phase-change material contact-
ing the first electrode;

a second portion of phase-change material con-
tacting the second electrode; and

a third portion of phase-change material be-
tween the first portion and the second portion,
wherein a phase-change material composition
of the third portion and the second portion grad-
ually transitions from the third portion to the sec-
ond portion.

2. Thememory cell of claim 1, wherein a phase-change
material composition of the first portion and the third
portion gradually transitions from the first portion to
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the third portion.

3. The memory cell of claim 1, wherein the first portion
has afirstresistivity, the second portion has a second
resistivity, and the third portion has a third resistivity
greater than the first resistivity and the second re-
sistivity.

4. The memory cell of claim 1, wherein the first portion
has a first melting temperature, the second portion
has a second melting temperature, and the third por-
tion has a third melting temperature less than the
first melting temperature and the second melting
temperature.

5. The memory cell of claim 1, wherein the phase-
change material composition of the third portion and
the second portion gradually transitions from the
third portion comprising a doped phase-change ma-
terial to the second portion comprising a differently
doped or undoped phase-change material.

6. The memory cell of claim 1, wherein the first portion,
the second portion, and the third portion each com-
prises at least one of Ge, Sb, Te, Ga, As, In, Se, and
S.

7. A memory cell comprising:

a first electrode;

a second electrode;

afirst portion of phase-change material contact-
ing the first electrode;

a second portion of phase-change material con-
tacting the second electrode; and

a third portion of phase-change material con-
tacting the first portion and the second portion
and laterally surrounding the second portion.

8. The memory cell of claim 7, wherein the first portion
has afirstresistivity, the second portion has a second
resistivity, and the third portion has a third resistivity
greater than the first resistivity and the second re-
sistivity.

9. The memory cell of claim 7, wherein the first portion
has a first melting temperature, the second portion
has a second melting temperature, and the third por-
tion has a third melting temperature less than the
first melting temperature and the second melting
temperature.

10. The memory cell of claim 7, wherein the third portion
comprises a doped phase-change material and the
first portion and the second portion comprise a dif-
ferently doped or undoped phase-change material.

11. The memory cell of claim 7, wherein the first portion,
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the second portion, and the third portion each com-
prises at least one of Ge, Sb, Te, Ga, As, In, Se, and
S.

A memory cell comprising:

a first electrode;

a second electrode;

phase-change material contacting the first elec-
trode and the second electrode; and

means for controlling a size of an active region
of the phase-change material.

The memory cell of claim 12, wherein the phase-
change material is configured for storing at least
three resistance levels.

The memory cell of claim 12, wherein the phase-
change material comprises at least one of Ge, Sb,
Te, Ga, As, In, Se, and S.

A method for fabricating a memory cell, the method
comprising:

providing a first electrode;

depositing a first portion of phase-change ma-
terial over the first electrode;

depositing a second portion of phase-change
material over the first portion while gradually
transitioning a phase-change material composi-
tion of the second portion to provide a third por-
tion of phase-change material over the second
portion; and

depositing a second electrode over the third por-
tion.

The method of claim 15, wherein depositing the first
portion comprises gradually transitioning a phase-
change material composition of the first portion to
provide the second portion.

The method of claim 15, wherein depositing the first
portion comprises depositing the first portion of
phase-change material having a first resistivity; and
wherein depositing the second portion comprises
depositing the second portion of phase-change ma-
terial having a second resistivity greater than the first
resistivity while gradually transitioning the phase-
change material composition of the second portion
to provide a third portion of phase-change material
having a third resistivity less than the second resis-
tivity.

The method of claim 15, wherein depositing the first
portion comprises depositing the first portion of
phase-change material having a first melting tem-
perature; and

wherein depositing the second portion comprises
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depositing the second portion of phase-change ma-
terial having a second melting temperature less than
the first melting temperature while gradually transi-
tioning the phase-change material composition of
the second portion to provide a third portion of phase-
change material having a third melting temperature
greater than the second melting temperature.

The method of claim 15, wherein depositing the sec-
ond portion comprises depositing the second portion
while gradually varying a doping level of the phase-
change material composition.

A method for fabricating a memory cell, the method
comprising:

providing a first electrode;

providing a second electrode;

providing a first portion of phase-change mate-
rial contacting the first electrode;

providing a second portion of phase-change ma-
terial contacting the second electrode; and
providing a third portion of phase-change mate-
rial contacting the first portion and the second
portion and laterally surrounding the second
portion.

The memory cell of claim 20, wherein providing the
first portion comprises providing the first portion hav-
ing a first resistivity;

wherein providing the second portion comprises pro-
viding the second portion having a second resistivity;
and

wherein providing the third portion comprises pro-
viding the third portion having a third resistivity great-
er than the first resistivity and the second resistivity.

The memory cell of claim 20, wherein providing the
first portion comprises providing the first portion hav-
ing a first melting temperature;

wherein providing the second portion comprises pro-
viding the second portion having a second melting
temperature; and

wherein providing the third portion comprises pro-
viding the third portion having a third melting tem-
perature less than the first melting temperature and
the second melting temperature.

The memory cell of claim 20, wherein providing the
third portion comprises providing the third portion
comprising a chalcogenide material;

wherein providing the first portion comprises provid-
ing the first portion comprising the chalcogenide ma-
terial doped with another material; and

wherein providing the second portion comprises pro-
viding the second portion comprising the chalcoge-
nide material doped with another material.
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The memory cell of claim 20, wherein providing the
second portion comprises providing the second por-
tion having a same phase-change material compo-
sition as the first portion.

A memory cell comprising:

a first electrode;

a first contact contacting the first electrode;

a second electrode;

a second contact contacting the second elec-
trode;

afirst portion of phase-change material contact-
ing the first contact; and

a second portion of phase-change material con-
tacting the first portion and the second contact.

The memory cell of claim 25, wherein the first portion
has a first resistivity and the second portion has a
second resistivity greater than the first resistivity.

The memory cell of claim 25, wherein the first portion
has a first melting temperature and the second por-
tion has a second melting temperature less than the
first melting temperature.

The memory cell of claim 25, wherein the first portion
and the second portion each comprises at least one
of Ge, Sb, Te, Ga, As, In, Se, and S.
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